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ABSTRACT
A study was conducted to investigate the variation in speed of 
performance and decision making ability with age. Twenty volunteers from 
local industry formed the subject group. Ten of these ranged in age from 
52 to 63 years. The control group ranged in age from 18 to 29 years.
The task performed involved decision making, hand movement and positioning 
elements. Three levels of information load (2, 3 and 4 bits), four 
distances of move (7", 10", 13" and 16"), and four levels of radial 
clearance (0.008", 0.063", 0.25" and 0.75") were taken as independent 
variables. The dependent variable, performance time, was composed of 
the decision and movement time components (DT and MT). In addition, 
heart rate was also monitored.
It was found that age was a significant determinant of performance
time (p < 0.05). The components of performance time, I.e., decision and
movement times were both significantly higher for the older subjects as 
compared to the younger ones (p < 0.05) reflecting the fact that there is 
some natural slowing of psychomotor function with age in such combined 
manual and decision tasks. The information load and the distance of move 
were significant determinants of decision time and also of movement time 
(p < 0.05). The clearance was a significant determinant of movement time
(p < 0.05). The difference between the older subjects and the younger
subjects in decision time increased with an increase in the information 
load. An analysis of the performance errors for the self paced task 
indicated that the slowing among the older subjects was not observed at 
the expense of accuracy. The study provided no evidence that age has an 
effect on heart rate variability under different levels of information 
load and task difficulty.
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CHAPTER I
INTRODUCTION
The proportion of older people In the Canadian population has increased 
over the past decade (Table 1.1). Data from the Canadian census (1971) 
Indicates that the proportion of older people [over 50 years old] was 
about 21% of the total population in 1971 and the estimated population for 
1975 shows an increase to about 23.5%. The change in age composition is due 
not as much to any marked extension of the span of life but to a far greater 
survival rate during infancy and childhood (Figure 1.1).
Data from Statistics Canada (1978) indicate that workers over 50 
years old comprise 19% of the work force in Canada. In industry, older 
workers provide many advantages in quality of performance, in steadiness, 
in reduced absenteeism, in responsibility and in reduced costly labour 
turnover (Heron and Chown 1960; Murrel, et.al, 1957). There are, however, 
problems of employment associated with age which begin to make themselves 
apparent as early as the late forties. These problems leave no doubt 
that industry should take greater account of the need to fit jobs to 
older workers and this can be achieved in one of two ways:
1. Reallocation of the worker to another job.
2. Re-design of the job.
The first method (reallocating the worker to another job) appears at 
first sight to be an attractive and easy solution; however, it often 
involves more expenditure than is generally admitted due to the long 
period of 'training and adaptation which is frequently required. At the 
same time the transferred worker's output is often lower than normal for a
1
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2Table 1.1 The proportion of older people (over 50 years old) In the
Canadian population, 1921-1971 [taken from Canadian census (1971)1
Year Total population Population of people over 50 years old %
1921 8,787,949 1,304,274 14.8
1931 10,376,786 1,726,957 16.6
1941 11,506,655 2,273,562 19.8
1951 14,009,429 2,825,771 20.2
1956 16,080,791 3,131,149 19.5
1961 18,238,247 3,543,812 19.5
1966 20,014,880 4,007,504 20.0












2 6 10 14 18 22 26
..Figure (1.1) Percentage distribution of population by Age groups, 
Canada, 1931 and 1971 .
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3considerable length of time and the worker's skills are being under utilized 
in a less demanding job. Reallocation also involves considerable upheaval 
for the worker himself (Marbach, 1968) since family and other social ties 
have often been developed by that age.
The second method is to redesign the job so that the older worker will 
be capable of meeting its demands. Job redesign will result in the 
reduction of labour turnover among older workers, accidents due to fatigue 
and absence due to illness (Griew, 1964). In order to undertake such job 
redesign.it is essential to know the effects of ageing on working capacity 
and performance, motivational levels,and economic needs of the worker 
himself. Experimental and explorative studies are therefore needed to 
investigate work performance and motivation and their relationships to age.
Some laboratory studies have been reported concerning several aspects 
of ageing industrial workers. Astrand (1960) has shown that ageing reduces 
the capacity to perform manual activities for prolonged periods of time.
Bink (1962) has shown that the average capacity for manual work at age 55 
is 25% lower than that at 19 years of age. The laboratory results of 
Murrell and Griew (1957) reflect the industrial finding that older workers 
tend not to be working on the most complex and/or skilled jobs. In a 
study of the change in speed of performance with age performed by 
Welford (1962), it was shown that older people tend to drop out of work 
that makes severe demands for speed and fine visual discrimination.
He inferred that light work requiring a fast rate of operation is less 
suitable for people over 50 years of age than is moderately heavy work.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
With increased industrialization and improvement of production 
equipment and production systems, there is a general increase in light 
tasks (e.g. modern electronic control systems) and a decrease in heavy 
tasks (e.g. manual material handling). It should be borne in mind that 
the human operator of these modern systems has become progressively less 
concerned with continuous manual monitoring and more and more concerned 
with the interpretation of a large variety of signals for action. These 
signals may originate from different sources simultaneously or in rapid 
succession and he is always required to exercise his decision making 
abilities.
Many studies have been done to investigate the performance of the 
worker in such tasks. In most of these studies the subjects were young, 
mostly under 30 years old. Some studies on the effect of ageing on 
reaction time and movement time have been reported in the psychological 
literature (Spirduso, 1975; Simon, 1967; Singleton, 1954; Szafran, 1951) 
but none on the study of the interactive effectsof age and the information 
content of the task. The present study attempted to investigate these 
interactive effectson the decision time, movement time, accuracy of 
performance and heart rate of the worker. The objectivesof the study, 
the method, the experimental design and procedure, and the results are 
discussed in detail in the following chapters.




This chapter briefly summarizes the existing studies and serves as a 
background to the present study. The work done in the following areas is 
presented in this chapter:
(1) Information content and task performance.
(2) Age differences in reaction time.
(3) Age differences in reaction and movement time.
(4) Effect of age on speed and accuracy of movement.
(5) Task performance and heart rate.
2.2 Information Content and Task Performance
Three experiments are reported by Fitts (1954) which were designed 
to test the hypothesis that, if the amplitude and tolerance limits of a task 
are fixed and the subject is instructed to work at his maximum rate, then 
the average duration of response will be directly proportional to the 
minimum average amount of information per response demanded by the task 
conditions. The three experiments were as follows: -
1. The subjects were asked to tap two rectangular metal plates alternatively 
with a stylus for different plate widths and different distances between 
plates.
2. The subjects were asked to transfer plastic washers from one pin to 
another using different distances between the two pins and different 
clearances between the washer and the pin.
3. The third task was to transfer pins from one set of holes to another
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6using different distances between the holes and different clearances 
between the hole and the pin.
As a result of these three experiments, Fitts proposed an index of 
difficulty of movement on the assumption that the average amplitude, the 
average duration, and the amplitude variability of successive movements 
are related in a manner suggested by information theory. This index of 
difficulty is defined as:
ID - log. ~  (2.1)
W
where W is the tolerance range in inches and A is the average amplitude 
of the particular class of movements. The choice of denominator for this 
index is arbitrary since the range of possible amplitudes must be inferred.
Fitts also found that movement time was well predicted by the relationship.
MT - a + b • ID (2.2) 
where MT is the movement time and a and b are constants.
Welford (1960) has suggested that an improved index of task difficulty 
might be;
A + 0.5WID’ - log2
W
AS
This formulation makes movement time dependent upon Weber's fraction (—  ,
S
where AS - a just noticable change and S - physical stimulus magnitude) 
in that the subject is called upon to distinguish between the distances to 
the far and to the near edges of the target. This suggestion also is 
based in part on the observation that this definition reduces the 
•numerical value of the first constant, a , in Fitts' equation (2.2), giving 
theoretical predictions of MT near zero for IDs of zero, since it has
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the effect of moving the best fit line from intersecting the movement time 
axis at a negative quantity of Intersect at a positive quantity.
Fitts and Peterson (1964) studied the effects of response amplitude 
and terminal accuracy on two-choice reaction time and movement time. Six 
male subjects, 18 - 25 years of age were used. The subjects' task was to 
hold a light weight metal stylus on a small metal starting plate fixed at 
a point midway between two signal lights, and when one of the lights came 
on, the subject attempted to hit the appropriate one of two alternative 
targets as quickly as possible. They found that both the required amplitude 
of movement and the width of target had a large and systematic effect on 
the movement time, but a relatively small effect on reaction time. Movement 
time can be influenced quite independently by (a) the degree of uncertainty 
of the stimulus and (b) the degree of uncertainty permitted in executing the 
movement (Fitts and Peterson, 1964). These findings support the view that 
perceptual processes and motor response are relatively independent, and that 
human information processing proceeds by a series of essentially independent 
steps (Broadbent, 1958; Welford, 1960).
From information theory, if i is a signal from a message consisting 
of a sequence of signals, chosen by a source from a set of statistically 
independent signals, and if i has a probability of occurance p^ , then:
Information in signal i = -log2 Pi , which is called the "entropy" of 
the source and is measured in bits (Shannon and Weaver, 1949). For N 
equally likely stimuli, and no response errors, the entropy
H ■ log2  N bits
which is non-negative, has no upper bound as N increases and is additive. 
It is also used as a measure of informational load.
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8Once information has passed through the perceptual stage of processing, 
a course of action must be chosen. Decision processes can be examined by 
simple reaction time and more directly by choice reaction tasks (Stelmach 
and Diewert, 1975).
The term "combined decision and manual task" was used by Sadosky (1969), 
for the tasks in which the worker is required to exercise both his manual 
dexterity and decision making abilities. Thomas (1971) after studying the
performance time for a combined decision and manual task, concluded that 
the decision component of the task might be considered as an isolated entity 
and its time a function of the input uncertainty and the movement involved, 
Tsui (1977), using a task similar to the one used in the present study, 
studied the performance time for ten male and ten female subjects under 
four levels of information load and three levels of task difficulty.
He found that index of difficulty and information load were significant 
in their effect on performance time, but no differences were observed 
between male and female subjects.
2.3 Age Differences in Reaction Time
2.3.1. Simple Reaction Time
The Reaction Time (RT), which traditionally is taken as the period 
elapsing between the appearance of a stimulus and the beginning of a 
response movement, is also traditionally regarded as a measure of the time 
taken by central processes (Welford, 1959). The results of various 
psychological studies of simple reaction time have shown that RT tends 
to lengthen with age but only by small amounts (McFarland, 1959).
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9An experiment by Singleton (1954) showed no difference of age change 
in reaction time with different complexities of movement. The subject's 
task was to move a lever from one to the other end of an 18 inch slot in 
response to a signal light. Each subject performed a number of trials in 
which he moved the lever in one direction only and others in which he moved • 
it from one end to the other and back.
Conflicting evidence comes from an experiment by Griew (1959) in 
which subjects were required to move a stylus over a distance of 8 inches 
from a metal disk 1.25 inches in diameter to another metal disk at the
appearance of a signal light. For the younger subjects no consistent increase 
was found when the more complex movement was required. The older subjects, 
however, took consistent and significantly longer, on the average, to 
initiate their responding movement under this condition.
Simon (1967) studied the effect of reversal of right and left ears in 
auditory Signal-Response (S-R) correspondence on the reaction time of two 
disparate age groups. He found a significant difference in reaction time as 
a function of age, sex, and S-R correspondence. Reversal of the S-R relation­
ship produces significantly greater slowness for older than for younger subjects
2.3.2. Discrimination and Choice Reaction Time
Research by Hick (1952), Hyman (1953), and Crossman (1953) has 
indicated that choice reaction time is roughly proportional to the amount 
of information transmitted from the display of signal source to the 
responding action. RT, therefore, is linearly related to the logarithm 
of the number of equiprobable choices, or their equivalent.
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Hick's formulation may be expressed as:
RT - K log Ne (2.3)
where
RT ■* Reaction time
Ne “ The effective number of equiprobable choices
K - constant depending on the nature of the 
' relationship between the signals and the
responding action required.
Crossman (1955) has shown that a different formulation is required 
for the effect of different degrees of discrimination and he suggests 
the following formula.
Td - C/(log X± - log X2) (2.4)
where T^ ■ Discrimination time
X^, X2 are the quantities being compared (e.g. length of two lines), 
and C is constant.
Three experiments by Crossman and Szafran (1956), using a sorting 
task, have shown that choice and discrimination time did not increase 
proportionately with age, that is, age change cannot be described as an 
increase of K or C in equations (2.3) or (2.4).
Fozard (1972) studied the effect of age and socioeconomic status on 
two sets of measures of cognitive performance. One set consisted of 
12 subsets of the General Aptitude Test Battery; the other was a group 
of laboratory-based experiments. He found that it is more difficult for 
older individuals than for younger ones to (a) retrieve special information
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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from short term memory, (b) monitor two verbal sequences concurrently, 
and (c) initiate a response in two-choice discrimination.
2.4 Age Differences in Reaction and Movement Time
Szafran (1951) tested ten subjects in each age decade from the 
twenties to the fifties on an aiming task. The subject sat in the center 
of a wooden framework and moved a stylus from a central resting point to 
any one of a number of 14-inch targets, with 1-inch metal centers, 
distributed on three sides around him. He found that the time taken to 
move from the resting point to contact with the target increased slightly 
with age, but not significantly, and comparatively less than various 
stationary components, such as time of initiating response.
In an experiment conducted by Leonard (1952), the subject’s task 
was to move the stylus from the center disk to the outer one corresponding 
to the particular light on a display consisting of five lights. He found 
that,while all the time components of the task increased with age, there 
were indications that the speed decrement was greater for the times on the 
center disk and outer disk than it was for the transit time between disks.
Singleton (1954) used a display consisting of four lights arranged 
in a square, with one diagonal positioned vertically. The control was a 
lever, which could move along four directions from a center point. Each 
light signal indicated a direction of movement. He found that until the forties 
or fifties, the actual time spent making movement did not increase or 
increased little with age. The slowing of performance occurs mainly during 
those portions of a task where changes in the direction of movement are 
necessary, in other words, in the reaction time. Welford (1959), after
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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discussing the experiment by Singleton, reported that "in such experiments 
which required series of reaction time, it is difficult to be sure whether 
any lengthening of time is due to processes concerned with the initiation 
of a responding movement or with processes which in some way are an 
aftermath of a previous movement".
In a study by Tolin and Simon (1968) to investigate the effect of 
task complexity and stimulus duration on perceptual-motor performance of 
two disparate age groups,it was found that older subjects reacted 30 
percent slower and moved 76 percent slower than younger ones. The 
subject’s task was to make an unguided movement to the onset of one stimulus 
light in a four light display. Two stimulus durations were used, 0.11 
second and 2.0 seconds. It was found that both reaction time and movement 
time were slower for the complex than for the simple task. Younger subjects 
moved faster with the 0.11 second stimulus while older subjects moved 
faster with the 2.0 seconds stimulus. The slowness of the older subjects 
following the shorter-duration stimulus may be related to unreliability 
of short-term memory.
In a study by Spirduso (1975), the subjects were categorized into 
young (20-30 years), old (50-70 years) and into whether they were active 
sports participants or non-active participants. The results for simple 
RT, choice RT and movement time indicate that the active groups were more 
co-ordinated than non-active groups and that the younger subjects were 
faster than the older subjects. It was also found that the old non-active 
group was significantly slower than the other three groups on all three 
dependent measures. From these results it may be inferred that a highly 
active sports life tends to compensate, to some extent, the normal slowing 
in response with age.
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2.5 Effect of Age on Speed and Accuracy of Movement
13
Indications of speed and accuracy together were obtained in a figure- 
tracing experiment by Brown (see Welford, 1958). He found that subjects up 
to the age of thirty maintained speed at the expense of accuracy but from 
the forties onward, accuracy was restored at the expense of speed.
Davies (1975), using a task requiring cancellation of letters in a text, 
found that older subjects worked significantly more slowly and significantly 
less accurately than younger ones. However, noise significantly improved 
the rate of work for older subjects but not for younger ones without 
impairing accuracy. Older subjects, but not younger ones, also were 
significantly more accurate in the afternoon. An interpretation is given 
for the previous result by Davies, as follows. Older subjects normally 
function at a lower level of arousal than do younger subjects; furthermore, 
the relationship between arousal level and performance follows on inverted-U, 
performance rising with increasing arousal until it reaches an optimal point 
and thereafter declining. Since noise at low intensities and afternoon 
testing both raise arousal level, this results in the older subjects, who 
are further away from the optimal point initially, approaching it more 
closely, their performance thus showing a relatively greater improvement 
than that of younger subjects under conditions that increase arousal level.
Many changes in cortical function can be attributed to a slowing of 
signal-to-noise ratio in the brain. Older people, however, seem often to 
compensate by accumulating data over a longer time, thus strengthening 
the signal and averaging out some of the noise, before triggering the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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decision. This results in slower performance, but avoids an increase of 
errors, and in some cases leads to older people being more accurate than 
their younger counterparts (Welford, 1976).
2.6 Task Performance and Heart Rate
As a person performs work, either mental or physical, certain
physiological changes take place within the human body. One rather easily 
measurable change is the heart rate, which is known to increase above the 
"rest" rate as work is performed (Young, 1956). Kalsbeek (1971) suggested 
that changes in the variability of the instantaneous heart rate could be
used to indicate changes in mental load. In addition to work load, such
factors as temperature, humidity, impervious clothing, sex, age, state of 
nutrition, physical conditions, self consciousness, emotional state, 
accumulated fatigue, and training have all been found to affect either 
the level of heart rate during exercise or the rate of heart recovery 
following exercise (Brouha, 1954, 1962). Heart rate is also affected by 
stressors such as drugs, noise, and lack of sleep, and by general 
characteristics of the task such as novelty, complexity and the prevailing 
intensity of task stimuli (Kahneman, 1973). Time-on-task also has an 
effect on the heart rate (Gaillard and Trumbo, 1976; Thackray et al, 1974). 
Khare (1976) found that heart rate increased when the information load 
increased while reach remained constant and when the magnitude of reach 
increased while information load remained constant.
In an experiment by Young (1956), 14 male subjects between the ages 
of 23 and 31 served as operators in pumping the handle of an apparatus 
at prescribed work paces of 80, 100, and 120 double pump strokes per minute.
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It was found that the means of the heart rate, taken Immediately following 
work,were highly significantly different for each of the three selected 
paces, and the correlation coefficient for the relationship between heart 
rate immediately following work and the pace used by the operators during 
the work ranged from 0.889 and 0.999 for the fourteen operators.
Conflicting results concerning the effect of age have been reported 
among those investigators who used heart rate as an index of work capacity. 
Robinson (1938) and Yiengest (1953) found higher heart rate in older 
subjects than in younger subjects while performing work at fixed levels. 
Astrand (1958) also found an increase in heart rate at submaximal work 
with increasing age. However, the results of Snook (1965) who reports 
no increase in heart rate with increasing age while performing work at 
a fixed level suggest to the contrary. Furthermore, Brouha (1962) concluded 
that for moderate work, any changes in heart rate with age occur only 
under stressful conditions such as hot and humid environment.
2.7 Conelus ions
A review of the literature summarized in this chapter reveals that 
most of the previous studies on the effect of age were concerned with 
the main effect of age on the performance. In other words, the hypothesis 
that with increasing age there is slowing in the performance has been tested. 
This is now accepted as fact. Since the problem of ageing is associated 
with the problem of employment, there is a need to investigate this slowing 
in the performance and the effects of variations in the information content 
of the task on this slowness. In other words, it is necessary to investigate 
the interactions between age and information content of the task. An
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appropriate Interpretation of the findings of such studies could then be 
transformed into meaningful policies for worker placement and could be 
used as a guide for job redesign for older workers and for effective 
manpower planning.




3.1 Objectives of the Present Study
The objectives of the present study are to investigate the effects of
age and information content on performance in a combined decision and
manual task. Only choice-uncertainties are involved and there is no preview 
of the stimulus signals. More specifically, the interactive effects between 
the above variables will be examined.
The following hypotheses were tested:
(a) With an increase in information load, and the 
index of difficulty, both the decision and movement 
time components of performance time increase but by
greater amounts for the older group than the younger
group.
(b) The accuracy of performance is higher for the older 
group than the younger group.
(c) Increasing the information content of the task has a 
greater effect on increasing the heart rate of the 
older group than the younger group.
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3.2 Method
The study was conducted within the Industrial Engineering laboratories 
at the University of Windsor. Two groups of subjects participated in 
this study. Each subject performed 12 experimental runs on a combined 
decision and manual task designed for the purposes of the study. The 
criteria for the selection of subjects, the apparatus used in the study 
and the different experimental runs are described in the following pages.
3.2.1 Subjects
Two groups of subjects participated in this study:
(1) Younger Group
The younger group consisted of 10 male subjects between the ages of 
18 and 29 with an average age of 23.5 years. The subjects were chosen
from among industrial workers in the Windsor area. All subjects were
holding jobs in different types of industry but had taken time off to 
participate in the study. Table 3.1 summarizes the relevent information. 
Each subject was paid for participatirig in the experiment.
(2) Older Group
The older group consisted of 10 male subjects between the ages of 
52 and 63 with an average age of 59.5 years. The subjects were chosen
randomly and with the co-operation of the Canada Manpower Center from
among industrial workers in the Windsor area. The older subjects were 
from among the workers who were "between assignments" for a period less 
than 6 months and for reasons other than disability. Table 3.2 shows 
the age distribution for the older group and the type of Industry and 
years of experience for the last job held by the subject.
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$
All subjects in. both groups were right-handed and in apparent good 
health. The purpose of the study was explained to the subjects and they 
all appeared to be interested in participating.
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Table (3.1) The Younger Group
Subject
number




1 S.A. 29 Stamping 1
2 V.T. 28 Stamping 3
3 D.W. 22 Chemical 3/4
4 A.W. 24 Forging 2
5
. i
R.G. 18 Automotive 1/6
6 R.C. 21 Automotive lh
7 M.L. 23 Automotive 2/3
8 S.C. 24 Automotive 2
9 Y.Y. 26 Automotive 4
10 W.S. 21 Automotive 1/2
NOTE: Type of Industry and length of experience'Is
for the last job held by the subject.
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Table (3.2) Older Group
Subject
number




1 H.S. 62 Forging 40
2 E.K. 61 Forging 26
3 D.W. 53 Forging 10
4 G.R. 63 Food Industry 30
5 W.K. 57 Machine shop 7
6 R.B. 59 Chemical 22
7 R.L. 59 Automotive 30
8 G.D. 58 Automotive 9
9 R.P. 62 Automotive 37
10 J.H. 61 Automotive 27
NOTE: Type of Industry and length of experience is
for the last job held by the subject.




The experimental apparatus consisted of the following units
(Figure 3.1):
(a) Signal-Response Unit (S-R)
(b) Tape Reader Unit
(c) Time Measuring and Recording Unit
(d) Heart Rate Recording Unit.
(a) Signal Response Unit
A special S-R unit (Figures 3.2 and 3.4) was used in this study (Tsuif 
. 1977). The task consisted of the subjects* grasping the pin, 0.625" of 
which rested above the surface of the work board. The system had been so 
designed that, as soon as the pin is lifted from its resting position, 
a number on the light emitted diode (LED) screen would appear to indicate 
the hole number into which the pin should be dropped (see Figure 3.2 also 
Tsui, 1977). The subject would look at this number on the LED screen and 
in one sweep reach for the hole, position and drop the pin. This constituted 
a task cycle which was then repeated.
The S-R unit consisted of the following components:
’ (a.l) The Pin System
The pin system as shown in Figure 3.5 consists of six cylindrical 
metal pins, each 0.25" in diameter and 1.25" long. Only one pin stands 
in the pin pocket with half of its length appearing above the surface of 
. the work board. The pin system is designed such that as the pin is removed 
from the pin-pocket, another pin appears to take its position. When it is 
positioned and dropped into the appropriate hole, it is carried by a 
conveyor belt to the pin-pocket region (Tsui, 1977).
- v  .. ■
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(a. 2) The Response Top Plate
The S-R unit was designed such that the response top plate is inter­
changeable. There are A plates, each having 16 holes of equal size arranged 
in a AxA matrix, but each plate has a different hole size. The four 
different hole sizes are 0.258", 0.313", 0.5" and 1" in diameter.
Numbers 1 to 15 and number 0 were labelled above the sixteen holes 
and the arrangement of these numbers was the'same on the four plates.
Number 0 was used instead of 16, because it was within the range of the 
BCD signals used by the tape reader. This facilitated the making of the 
random number tape. The dimensions and the hole arrangements of the 
response plate are as in Figure 3.A.
(a.3) The Signal Indicator
The random numeric signal is transmitted from the tape reader and 
displayed onto a rectangular screen (1 inch by 0.75"), located A inches 
above the pin-pocket (see Figure 3.A). The number appears only on the 
screen as the subject grasps and lifts the pin from the pin-pocket. The 
number continues to be displayed until the removed pin has been dropped 
into the specified hole, If, in error, the removed pin is positioned 
into a wrong hole, the number on the screen remains displayed until a 
following pin is grasped, removed and positioned into the correct hole.
This feature allowed an easy identification of errors of positioning.
(a.A) The Photocell System
As shown in Figure 3.A an adjustable photocell system was developed 
in order to measure the time between occurrence of stimulus (grasping 
and lifting the pin and thus triggering the numeric display) and Initiation
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of movement (crossing the photocell beam) toward the specified hole. The 
"holding time" before starting the positioning movement was thus taken to 
be the decision time. The photocell system was adjusted and fixed such 
that the photocell beam was at a height of 1 inch from the surface of 
the S-R unit and at a distance of 1 inch (horizontal) from the pin-pocket.
It was found that this position for the photocell beam was the closest 
position to the pin-pocket which insured no interference between the 
subject's hand and the beam while grasping the pin. At the same time 
this position eliminated the possibility of interrupting the beam during 
the positioning movement. *
(b) Tape Reader Unit
The tape reader unit (Figure 3.3) consisted of the random number 
.tape and the tape reader. The tape reader reads the programmed tape and 
sends signals to the S-R unit. This appears in the form.of a random 
number on the LED screen. The random number tape is a standard computer 
paper tape punched on a teletype punching machine using the IBM BCD system 
code. Three tapes were prepared for the 4, 8 and 16 hole tasks, with 
equal probability of occurrence of each number in each set.
(c) Time Measuring and Recording Unit
This unit (Figure 3.3) consisted of two time counters and a DIGITEC 
paper tape punch unit. The first time counter was for measuring the time 
between the appearance of the stimulus (grasping and lifting the pin) and 
initiation of movement (crossing the photocell beam). This represented 
the decision time. The second time counter was for measuring the total time 
(performance time)'measured-between the appearance of the stimulus and the 
completion of the movement by positioning the pin in the correct hole.
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The output measures, that Is performance time, decision time (both in 
milliseconds) and the hole number were punched on a paper tape. This tape 
was then converted into computer cards for the analysis.
(d) Heart Rate Recording Units
In order to record the heart rate, Model 7 P6 EKG pre-amplifier, 
connected to a Grass model 7 polygraph, was used. The amplifier was 
connected to the subject through three electrodes applied to the subject's 
chest and the heart beats were recorded on Grass recording paper (see 
Figure 3.1).
\
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Figure (3.2) Signal-Response Unit
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Figure (3.4 ). S-R Unit
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The Information, content of the task was varied by using 3 different 
levels of Information load (H) and 4 levels of clearance (C) between the 
pin and the response hole as follows:
Cl) Information load:








' „ C3 - 0.063"
C4 - 0.008"
The combination between the 3 levels of H and the 4 levels of C 
formed the 12 experimental runs as shown in table 3.3.
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4.1 Experimental Models 
Introduction:
In order to test the hypotheses In the present study, the following 
models were developed.
1. Decision time models.
2. Movement time models.
3. Performance errors model.
4. Heart rate model.
For both decision and movement time, two models each were 
developed. In the first model, the two elements of task difficulty, i.e. 
clearance and distance, were considered as separate independent variables 
in the model. In the second model, the two elements were.combined into 
one term (index of difficulty ID) using Fitt's formula as explained 
earlier (Equation 2.1).
Decision time, movement time, performance errors and heart rate are 
defined as follows:
(a) Decision time:
This is defined as the time elapsed between the appearance of the
stimulus and the beginning of the responding movement (Broadbent, 1958).
It consists of:
(i) Occurrence of stimulus.
(ii) Detection of stimulus.
Ciii) Decision.
(iv) Selection of response. . \“
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(b) Movement time:
This Is defined as the time elapsed between the beginning of the 
responding movement to the completion of the movement.
(c) Performance errors:
There is only one type of performance error in this task, i.e. 
positioning the pin in the wrong hole. This error is presented as a 
percentage by dividing the number of errors by the total number of cycles 
in each experimental run.
(d) Heart rate:
This is the rate in beats per minute.
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A.1.1 Decision Time Models 
Cl) First Model
A 2 x 1 0 x 3 x 4 x 4  mixed model, with both nesting and crossing 
arrangement was used to test the main effects and the interactive effects 
of the following factors on the decision time (see Figure 4.1).
(1) Age differences, G (fixed)
Two levels of age differences were used:
— First level, younger group (Gl), was subjects with 
age between 18 and 29 years.
— Second level, older group (G2), was subjects with 
age between 52 and 63 years.
(2) Subjects, S • (random)
Ten subjects in each age level participated in the study.
Subjects were nested within the levels of factor (G).
(3) Information load, H (fixed)
Three levels of information load were used:
*-■ ...... ..-.I C*; Number of holes (N) H “ log, N bits
— First level (H2)
— Second level (H3)
— Third level (H4)
Studies by Scholes (1970) and Raouf and El-Sayed (1975) have Indicated 
that small angular differences in the narrow region had negligible effects 
on performance time, and that the cross body movements had no effect on 
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In light of the above findings, the different levels of information
load are presented as follows:
•
The first level (H2) was represented by holes numbered 3 f 7, 11 and 
15; the second level (113) by holes numbered‘2, 3, 6, 7, 10, 11, 14 and 
15; and the third level by using all 16 holes (Figures 4.2a and b). Special 
covers for the top plate of the S-R unit were designed and used for this 
purpose (see Figures 4.4a, b and c).
(4) Clearance, C (Fixed)






(5) Distance, D (Fixed)
Four levels of distances between the pin-pocket and the 






















































Figure (4. 2a) Response Holes for the
Second Level of Information 
Load. (H 3 ).
--- 1
L-
Figure (4. 2b) Response Holes for the
First Level of Information 
Load. (H2T
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
39




Figure (4.3). The Different Levels of Distances (D).




Yijk£m " y + ai + Pj(i) + Yk + + 9m
+ aY±k + a61£ + . . . .
+ eYjk(i) + e<Sjil(i) + 60jm(i)
+ aY<Sik£ + * * ' •
+ eY<SjkJl(l) + • ’ * *
+ 3Y<S0jkHm(l) + e (ijk£m) (4,1)
where y « general mean.
■ main effect of age.
1 - 1, 2
“ Subjects nested within age.
j " 1.......10
Yk - main effect of information load.
k - 1, 2, 3
6£ ■ main effect of clearance.
£ * 1 ,  . . . , 4 .
0 « main effect of distance.m
in * 11 • • • i A • 
e (ljk!m) * "equals.
Y... . ■ The mean decision time of the 40 observations for theijkJcm
m ^  level of distances, £C^ level of clearance, k ^  level
tti £h
of information load, j subject and i age group.
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Note: In the above model, since all the main effects and all the
Interaction terms were included, there are no degrees of
freedom left for the error term and the test of the main
effects and the interactions were done using the interactions
with the random factor (subjects) as an error term as explained
in the next chapter.
(ii) Second Model
This is essentially the same as the first model except that the two 
factors, i.e. the clearance and the distance were combined into the index 
of difficulty term, using Fitts' formula (Table 4.1).
The Model
The second model of the decision time using the index of difficulty 
as an independent variable is:
+ “Ylk + “nlp + Ynkp
+ SYJk(1) + BnJp(1)
Jkp(i) T (Ijkp)
main effect of the index of difficulty
(4.2)
p ■ 1, ..., 16
Y.  the mean decision time of the 40 observations of the
pC^ index of difficulty,
. . thand i age group, y , a , i3 and Y are the same as
information load, j**1 subject
the first model
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Table (4.1)
Conversion of C and D into Index of Difficulty (ID)
C, D ID* log- bits 
C
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4.1.2 Movement Time Models 
(1) First Model
A 2 x 1 0 x 3 x 4 x 4  mixed model, with both nesting and crossing 
arrangements and with the same experimental factors as the first decision 
time model was used to test, the main effects and the interactive effects 
on the movement time.
The model is:
U , a , $ , Y » < 5 »  and 0 are the same as in the first model for the 
decision time.
(ii) Second Model
This is essentially the same as the second model of the decision time. 




+ eY<S0ik£m(i) + G (ijkJlm)
(4.3)
where
ijkfm is the mean movement time of the 40 observations for the
level of distance; level of clearance
load, subject and i ^  age group.
kCk level of information
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term (ID) with 16 levels as shown in table 4.1, the model is:
Y’ijkp ->» + <*! + eJ(1) + Yk + np 
+ oylk + anip + yrikp
+ 6YJk(i) + BnJpCi)
+ «Ynlkp + 0Ynjkp(1) + e(ljkp, (4.4)
where Y?ijiCp “ mean movement time of the 40 observations for the pth level
of ID, level of information load, subject and i ^
age group.
P , a v £ , y and r| are the same as in the second model of the decision 
time.
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4.1.3 Performance Errors Model
A 2 x 1 0 x 3 x 4  mixed model was used to study the effect of age, 
clearance and information load and their interactive effects on the 
percentage of errors in the performance of the task. The model is:
xijkt - y + + e.,(1) + rk + st
+ oY±k + + y6kSi
+ 3Yjk(i) + 6<SjAU)
+ aY6ikjl + 3Y6jk£(i) + E (ijkJl)
where
Xijk2
th ththe percentage of errors for the Z level of clearance, k level
tlr
of information load, j subject and i age group
and y , a , $ » Y » 6  are the same as in the previous models.
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4.1.4 Heart Rate Model
A 2 x 1 0 x 3 x 2  mixed model was used to study the effect of age 
clearance, and information load and their interactive effects on the 
percentage increase in the heart rate. The model is:
Rljkq - n + a± + SK 1 )  + Yk + «q
+ cnrlk + aSiq +  Y«kq 
+  BYJk(i) +
+ OYfiikq + ^ j k q C i )  + Cljk, <4-6>
where
^ijkq “ Percentage of heart rate increase at the q ^  level of clearance
k ^  level of information load, subject and i*"*1 age group,
■ main effect of clearance (C)q
q - 1, A
end y , a , 3 » Y ere the same as in the previous models.
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4.2 Experimental Procedure
Each subject, in both groups, performed the 12 experimental runs in 
a random order. The decision time, total performance time, and the hole 
number for each cycle were recorded. Concurrently, heart rate of the 
subject was recorded for six runs (run 1, 2, 3, 10, 11, and 12). These 
six runs have been chosen on the basis of including the easiest tasks 
(lowest index of difficulty at C ■ 0.75") and the most difficult tasks 
(highest index of difficulty at C ■ 0.008M). At the same time they 
cover the three levels of the information load (H2, H3, H4). Heart rate 
of each subject was also recorded at rest for five minutes, before the 
start of the experiment so as to obtain the "rest" rate.
Before starting the experiment, a brief description of the equipment 
set-up and also the purpose of the experiment was given to the subject.
He was also advised to feel free to ask for a rest period if he felt 
that the assigned rest periods were not enough (see Appendix A). As it 
turned out, none of the subjects asked for a rest period.
Each subject was given a learning session at the beginning. This 
lasted for an hour including two rest periods of 5 minutes each and a 
test period of 10 minutes at the end of the learning session. During the 
learning session, each subject performed approximately 1200 task cycles.
It was found by Tsui (1977) that this figure was adequate for the learning 
°f such a task. The task was performed using the 16 hole alternative and 
the smallest clearance (C4 ■ 0.008") since this combination was considered 
as being the most difficult.
The instructions to the subjects, the duration of the experimental 
conditions and the rest periods are explained in detail in Appendix A.
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CHAPTER V
DATA ANALYSIS
For each subject, the performance time, the decision time and the 
response hole number for each cycle were recorded on the computer paper 
tape by the time measuring and recording unit. Data were then transferred 
to computer cards.
Data sets were sorted by group, subject, information load, clearance 
and distance using the SAS (Statistical Analysis System). Movement time 
for each cycle was computed from the observations for decision and 
performance time for each cycle. The mean (x) and the standard deviation 
(s) for the data for each cell were computed. "Outliers", i.e. points 
beyond the +3 0 range, were screened out and the number of errors per
experimental run, i.e. under each level of information load and each
level of clearance for each subject, were recorded. The duration of the 
experimental run (see Appendix A) allowed the collection of about 220 
observations per run, i.e. 55 observations per cell at each of the 4 
levels of distance. The first five observations in each cell were 
discarded to account for warm up effects for each new condition. Beginning
with the 6th observation the next 40 observations were taken per cell. The
remaining observations were discarded to account for any end-spurt effects.
Data were tested for normality using the SAS package KSLTEST procedure 
at the University of Windsor. The KSLTEST procedure involved the calculation 
of the mean and the standard deviation for each variable. Next the Kolmogrov 
statistic (D) is computed as:
D - MAX |S(X) - F(X)| 
where S is the sample cumulative distribution function and F is the
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normal distribution function with the sample mean and variance. It was 
found that the data for the performance, decision, and movement time are 
distributed normally under each condition for each subject in both groups, 
at a level of significance of a ■ 0.01 • A sample of part of the results 
of the test for normality is listed in Appendix B .
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5.1 Decision Time
The means of the decision time were calculated for the AO observations 
of each cell (see Appendix C). These means were subjected to an analysis 
of variance using the two different models (Equations 4.1 and A.2) discussed 
before.
5.1.1 The First Model
The first model (Equation A.l) is a mixed model with the subjects 
as a random factor and all the other factors (age, information load, 
clearance, and distance) fixed. The expected mean square values [E(MS)]
were calculated (Table 5.1) using the Cornfield and Tukey algorithm (see 
Winer, 1971) and used as an indicator of the appropriate F-ratios.
From the E(MS) values (Table 5.1) it was found that the test on the main 
effect of G, H, C and D and the interaction between them (GxH, GxC,
GxD, HxC, HxD, CxD, GxHxC, GxHxD, GxCxD and GxHxCxD) should be done 
using the interactions with the subjects within the group as error terms.
The analysis of variance was done using the SAS package (ANOVA 
PROCEDURE). The results of the analysis for the first model are 
summarized in Table 5.2.
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Table 5.1 E(MS) Values: Decision Time (First Model)
Fixed R F F F
Effect I J K L M E(MS)




0 10 3 A A 1 4 + A8ag + A80Oq
S (G) 1 1 3 A A 1 2°R + a84
Within Subjects
H 2 10 0 A A 1
2
°R + i64 h+ 3204
GxH 0 10 0 A A 1 2CTR + 164 h + 1604 h
HxS(G) 1 1 0 A A 1 4 + 164 h
C 2 10 3 0 A 1 4 + 124 c + 24002
GxC 0 10 3 0 A 1 4 + 124 c + 1204 c
CxS(G) 1 1 3 0 A 1 4 + i24 c








GxD 0 10 3 A 0 1 2aR + 124 d + 124 d
DxS(G) 1 1 3 A 0 1 4+ 124 d
HxC 2 10 0 0 A 1 4+ 44 hc + 804 c
GxHxC 0 10 0 0 A 1 4+ AaSHC + 404 hc
HxCxS(G) 1 1 0 0 A 1 2°R + AOSHC
HxD 2 10 0 A 0 1 4 + 4aSHD + 80ohd
GxHxD 0 10 0 A 0 1 4+ 4c s hd + 40oghd
HxDxS(G) 1 1 0 A 0 1
2
CR + Acts hd
CxD 2 10 3 0 0 1
2
°R + 34 cd + 6o4 dA
GxCxD 0 10 3 0 0 1
2
°R + 3cts c d + 30ogcd
CxDxS(G) 1 1 3 0 0 1
2
°R + 3aSCD





GxHxCxD 0 10 0 0 0 1 4+ 2°SHCD + 210aGHCD
HxCxDxS(G) 1 1 0 0 0 1 4 + 2SHCD
- --.... p............ - _ 1 _ ._1 1 1 1 2Oo
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* Effect is significant at a = 0.05
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S.1.1.1 Test on Homogeneity of Interactions with Subjects
Since homogeneity is one of the assumptions made when the F-ratio is 
considered to be distributed in the form of F-distribution, a test on 
homogeneity of the interactions with subject was needed. Bartlett's test 
was used for this purpose. Results are presented in Appendix E.
Since the observed value for Chi square (902.4) exceeds the critical 
value (14.1) for a test with a ■ 0.05, the test indicates that the 
interactions should not be pooled. Equivalently, the test indicates that 
interactions with subjects should not be dropped from the model.
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5.1.1.2 Analysis of the Main Effects
The analysis of the main effects of the independent variables 
(G, H, C and D) was done by a test on the difference between all possible 
pairs of means of DT on only the significant main effects. In the first 
decision time model the main effects of age (G), information load (H), 
and distance (D) were significant. The mean of the decision time at each 
level of these factors are as in tables 5.3, 5.4 and 5.5.
Levels of Means of DT







Means of DT 




Means of DT 
(milliseconds)
H2 - 2 bits 439.4
H3 - 3 bits 561.8
H4 - 4 bits 686.7
Table 5.5 
Means of DT 




Means of DT 
(milliseconds)
D1 - 7" 552.9
D2 - 10" 565.9
D3 - 13" 570.3
D4 - 16" 561.2
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(a) Test on the difference between all possible pairs of means at the 
3 levels of H
Since factor H is within-subjects effects, the standard error of the 








H2 H3 H4 r SH x q .95,r,36
H2 122.4* 247.2* 3 36.95
H3 124.8* 2 30.73
* Difference is significant at a - 0.05
From the above table it is found that the differences between all 
Possible pairs of means at the 3 levels of H are significant.
(b) Test on the difference between all possible pairs of means at the 








D1 D4 D2 D3 r MSD x q .95,r,54
D1 8.25 12.92* 17.33* 4 10.49
D4 4.66 9.07 3 9.51
D2 4.41 2 7.89
* Difference is significant at a ■ 0.05 
From the above table it is found that there is a significant difference 
between the means at D1 and D2 and between the means at D1 and D3.
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5.1.1.3 Analysis of the Interactions
Analysis of the interactions was done in order to investigate the 
interactive effects of the independent variables on the decision time.
The analysis was done for these significant interactions only. Table 5.2 
shows that the interactions between age and information load (GxH) and 
between information load and distance (HxD) were the only significant 
interactions. The means of DT at each level of H for both levels of G 
are summarized in table 5.6 and the mean of DT at each level of H for 
each level of D are summarized in table 5.7. Tables 5.6 and 5.7 are 
also presented graphically in figures 5.1 and 5.2.
levels 





Table 5.6. Means of DT (in milliseconds) at the 3 levels of H and the 
2 levels of G .
levels
i / N o f  D levels x f
of H
D1 D2 D3 D4
H2 442.6 437.0 441.4 436.6
H3 555.3 561.0 568.7 562.1
H4 661.0 699.8 700.8 685.0
Table 5.7. Means of DT (in milliseconds) at the 3 levels of H and the 
4 levels of D .




























Levels of Information Load 
Figure (5.1). Effect of Information Load on Decision Time.


















# D2 = 10
700
▼  D3 = 13





Levels of Information Load 
Figure (5.2). Effect of Information Load on Decision
Time at Different Levels of Distances.
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The interaction between age (G) and clearance (C) was not 
significant nor was the interaction between age and distance (D). These 
interactions are presented graphically by plotting the mean of DT at 
the 4 levels of C for both age groups (Figure 5.3) and at the 4 levels 
of D for both age groups (Figure 5.4).
(A) Interactions between age and information load (GxH).
The analysis of the interaction between G and H was done in two 
steps:
Step 1: test on simple main effect of H at each level of G
Step 2: test on differences between pairs of mean of the decision 
time at each level of information load.
Step 1
F-ratio, for testing the simple main effect of H, has the form
M*?
F - at G1 i - 1, 2
MS., _ v HxS(G)
(a) Test at G1 level.
p . MSH St G1 . 30525*2/2 . 41
MSHx S(G) W21610/36
*0.05,2,36 " 3-36
The observed value (F-41) exceeds the critical value (F _ _^“3.36);
JO
therefore, the simple main effect of H at G1 is significant, and a 
test on the difference between all possible pairs of means of DT at 
the three levels of H is needed. Newman-Keuls' method was used for 
this test:




























Levels of Clearance 
Figure (5.3). Effect of Clearance on Decision Time.



























Levels of Distances 
Figure (5.4). Effect of Distance on Decision Time.
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The standard error
S—  - ^ 2MS„HG HxS(G)
MSHx S(G) " 36711*4
J - 10 M « 4 L - 4
SHG ■/2x36711.4/160 - 21.42
H2 H3 H4 r SHG X q.95,r,36
H2 102^ 195^ 3 74.11
H3 93* 2 61.4
♦difference is significant at a * 0.05
From the above table we find that the difference between all the possible 
Pairs of means is significant.
(b) Test at G2 level.
MS„ 7169256/2
F  H at G 2 --------------97.6 .
MSHx S(G) 132X610/36
The observed value (F*97.6) exceeds the critical value (F-- _ 0/:*3.36);
)4f JO
therefore, the simple main effect of H at G2 is significant.
Newman-Keul's method was used to test the difference between all the 
possible pairs of means of DT at the three levels of H .
The standard error S—  ■ 21.42rio
H2 H3 H4 V SHG x q .05,r,36
H2 U2* 299* 3 74.11
H3 157* 2 61.4
♦difference is significant at a * 0.05
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From the above table we find that the difference between all possible 
pairs of means is significant.
Step 2. (Test on the difference between means of DT at each level of H)
The standard error for test
G**2 j - GHij * where t^ e mean t*ie ^T ^or f^rst group
(Gl) at the jth level of H and GH2j t*ie Tnean DT ^or the second group
(G2) at the jth level of H , is:
s_  , I 2(SSS(G) + SSHxS(G))
GH JLM[(I(J-1) + I(J-1)(K-1)]
[2(10502553 + 1321610 _ 52 32
10x4x4(18+36)
The critical value - 52,32 x q« oe C/N0.95,(2,54)
- 52.32 x 2.84 - 148.58
(i) GH22 - GH12 - 550.5 - 328.3 » 222.2
(ii) GH23 - GH13 - 692.7 - 430.8 - 261.9
(iii) GH24 - GH1A - 849.8 - 523.5 - 316.3
Therefore all the differences are significant at a ■ 0.05.
(®) Interaction between information load and distance (HxD)
The analysis of the interaction between H and D was done as follows:
Step l: ttest on the simple main effect of D at each level of H .
Step 2: test on the difference between pairs of means of the decision
time at the 3 levels of H for each level of D .





„ D at HK , „ „ ,F -   , where K ■ 2,3,A
DxS(G)
(a) Test on simple main effect of D at H2
SSD at H2 ' 2225•29
SSD*S(G) * 100828.068
r . _ 2225.29/3. , . 0 397 
100828.068/54
(b) Test on simple main effect of D at H3
SSD at H3 " 7236*2
F - - 7236.2/3 _ 1<29
100828.068/54
(c) Test on simple main effect of D at H4
SSD at HA " 82645.22
F - 82645.22/3 _ u>75
100828.068/54
Summary of the results of step 1
Effect F F0.05,3,54
Main effect of D at H2 
Main effect of D at H3 





*Significant at a ■ 0.05
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Since the main effect of D at HA is significant, a test on the difference 
between all possible means of the decision time for the different levels 
of D at level of H - A bits is needed. The Newman-Keul's method was used 
to test these differences:
The standard error -
where 1 - 2  
J - 10 
L - A
. *. S—  - ^ 2 x 1592.6/80 
- 6.31 .
Dl DA D2 D3 r MS—  x qHD ^.05,r,5A
Dl 2A.0A* 38.75* 39.82* A 23.72
DA 1A.7 15.78 3 21.52
D2 1.07 2 17.92
*difference is significant at a - 0.05
From the above table we find that the only significant differences are 
between Dl and D2, between D1 and D3 and between D1 and DA.
Step 2
(a) Test on the difference between means of the DT at the 3 levels of H 
-at Dl .
(i) h d31 - hd21
where is the mean at H3 and Dl, and i® the mean at H2 and Dl.
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t ___________ HD3t - '®21
______ 555.3 - 442.6______  _ 112.721
^2 [36711.4 + 3x1867.2]/320 16.262
- 6.93*
the critical value for this test is as follows: 
t-critical - +. .^ M - l ^ D a S W  (Hlner 1971)
where
tjj and tD are the critical values for a test of level of 
significance a ■ .05 for the degree of freedom corresponding to 
MSHx S(G) and MSDx S(G) respectively.
tR - 2.03
tD - 2.004
**• t , - 2.027 at a - 0.05critical
The observed t is greater than the critical value; therefore, the 
difference is significant.
«« ro41-H5J1
t - 661~° - 555~3 - 6.497 
16.262
(b) Test on the differences between means of DT at the 3 levels of H 
at D2 .
( 1 )  “ 32 *
. _ 560.9 - 436.9 _ _
U  ■ ■  / . U i
16.262
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(ii) h dA2 - h d32
t . 699.8,.- 560.9, . g „
16.262
(c) Test on the difference between means of DT at the 3 levels of H 
at D3.
(i) hd33 - hd23
568.7 - 441.4 
t » *» 7.83
16.262
(ii) HD43 - HD33
700.8 - 568.7 „
L ** ----------------  “ O • lZ
16.262
(d) Test on the difference between means of DT at the 3 levels of H 
at D4.
(i) h d34 - h d24
562.1 - 436.6 ,t -   - 7.71
16.262
(11> h d44 - h d34
685.0 - 562.1 „ _t - -------------  ■» 7.56
16.262
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*Difference is significant at a « 0.01
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5.1.2 The Second Model
The second model (equation 4.2) Is a mixed model with only the 
subjects as a random factor and all other factors (age, Information 
load, and index of difficulty) fixed. The E(MS) values were calculated 
(table 5.8) as an indicator of the appropriate F-ratios.
The analysis of variance was done using SAS package (ANOVA PROCEDURE). 
The results of the analysis of variance for the second model are 
summarized in table 5.9.
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G 0 10 3 16 1 a* + 48a* + 480a*
S(G) 1 1 3 16 1 a| + 48a|
Within Subjects
H 2 10 0 16 1 °R + 160HS + 320oH
GxH 0 10 0 16 1 °R + 16°HS + 160oGH
HxS(G) 1 1 0 16 1 °R + 160HS
ID 2 10 3 0 1 4  + 3o ids + 60o id
GxID 0 10 3 0 1 4  + 3°IDS + 30CTGID
IDxS(G) 1 1 3 0 1 °R + 30IDS
HxID 2 10 0 0 1 al + aHIDS + 20OHID
GxHxID 0 10 0 0 1 2 2 2 + aTTTT>„ + l0a![„TT>R HIDS GHID
HxIDxS(G) 1 1 0 0 1 4  + °HIDS
R 1 1 1 1 1
4
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Table 5.9 ANOVA for the Decision Time Model (Second Model)
Source d.f. MS F ^critical
Between Subjects
G 1 17511724.3 30.1* 4.41
S(G) 18 583475.1
Within Subjects
H 2 4890592.0 133.22* 3.27
GxH 2 220306.5 6.00* 3.27
HxS(G) 36 36711.4
ID 15 10421.8 1.51 1.8
GxID 15 2382.0 0.35 1.8
IDxS(G) 270 6885.2
HxID 30 6237.0 1.55* 1.46
GxHxID 30 5674.1 1.41 1.46
HxIDxS(G) 540 4015.7
*Significant at a *■ 0.05
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5.2 Movement Time
The means of the movement time were calculated for the AO 
observations of each cell (see Appendix C). These means were subjected 
to an analysis of variance using the two different models (Equation A.3 
and A.A) discussed before.
5.2.1 The First Model
The first movement time model (Equation A.3) is a mixed model with 
only the subjects as random factor and all the other factors (age, information 
load, clearance, and distance) fixed. Since the experimental factors were 
all the same as in the first decision time model, there was no need to 
recalculate the E(MS) values. The E(MS) values of the first DT Model 
(Table 5.1) were used as an indicator of the appropriate F-ratios.
The analysis of variance was done using the SAS package (ANOVA PROCEDURE). 
The results of the analysis of variance are summarized in Table 5.10.
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Table 5.10 ANOVA for the Movement Time (First Models
Source d.f MS F F critical
Between Subjects
G 1 5192493.9 12.74* 4.41
S(G) 18 407639.5
Within Subjects
H 2 34717.5 3.72* 3.27
GxH 2 22912 2.54 3.27
HxS(G) 36 9339.6
C 3 1054120 52.76* 2.78
GxC 3 23386 1.17 2.78
CxS(G) 54 19980.3
D 3 1247390 152* 2.78
GxD 3 738.2 0.09 2.78
DxS(G) 54 9154.7
HxC 6 5634.7 0.61 2.18
GxHxC 6 9025.3 0.98 2.18
HxCxS(G) 108 9211.0
HxD 6 23163 9.84* 2.18
GxHxD 6 1824.8 0.78 2.18
HxDxS(G) 108 2353.2
CxD 9 3739.5 2.01* 1.94
GxCxD 9 1070.7 0.58 1.94
CxDxS(G) 162 1857.7
HxCxD 18 2025.5 1.47 1.61
GxHxCxD 18 1537.6 1.12 1.61
HxCxDxS(G) 324
_*Ef.fect is slenif leant..at n ...■ 0.05
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5.2.1.1 Test on Homogeneity of Interactions with Subjects
Test on homogeneity of interactions with subjects was done using 
Bartlettfs test. Results are presented in Appendix E. Since the 
observed Chi square (352) exceeds the critical value (14.1) for a 
test with a “ 0.05, the test indicates that the interactions should not 
Be pooled. Equivalently, the test indicates that interactions with 
subjects should not be dropped from the model.
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5.2.1.2 Analysis of the Main Effects
The analysis of the main effects of the independent variables (G, H,
C, and D) was done by test on the difference between all possible pairs of 
means of MT on only the significant main effects. In the first movement 
time model, the main effect of age (G), information load (H), clearance (C) 
and distance (D) were significant. The mean of the movement time at each
level of these factors are as in Tables 5.11, 5.12, 5.13 and 5.14
respectively.
Table 5.11
Means of MT at the Two 
Levels of G .





Table 5.12 levels of H Means of MT (milliseconds)
Means of MT at the Three H2 - 2 bits 740.3
Levels of H . H3 - 3 bits 749.7
H4 - 4 bits 761.1
Table 5.13 levels of C Means of MT (milliseconds)
Means of MT at the Four Cl - .75" 710.7
Levels of C . C2 - .25" 694.8
C3 - 0.063" 753.3
C4 - 0.008" 842.6
Table 5.14 levels of D Means of MT (milliseconds)
Means of MT at the Four Dl - 7" 662.9
Levels of D . D2 - 10" 725.5
D3 - 13" 783.9
D4 - 16" 829.1
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(a) Test on the difference between all possible pairs of means at the 
3 levels of H .
The standard error of the mean for all observations at a given level 
of factor H Is:
/ms HxS(G)
IJLM





H2 H3 H4 r X q .95,r,36
H2 9.4 20.8* 3 18.7
H3 11.4 2 15.3
*Significant at a - 0.05
From the above table we find that the only significant difference is 
between H2 and H4.
(b) Test on difference between all possible pairs of means at the 4 levels 
of C :
The standard error of the mean for all observations at a given level 
°f factor C is:
MSC*SCG) i19980.3
IIJKM V 240 
9.10
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C2 Cl C3 C4 r ^  x q0.05,r,54
C2 15.9 58.5* 147.9* 4 34.21
Cl 42.6* 131.9* 3 31.03
C3 89.3* 2 25.84
*Difference is significant at a ■ 0.05 
From the above table it is found that the difference between all possible 
pairs of means are significant except those between Cl and C2.
(c) Test on difference between all possible pairs of means at the 4 levels 
of D .
The standard error of the mean for all observations at a given level 
of factor D is:
s - . i 5-829
IJKL 240
Dl D2 D3 D4 r SD x q0.05,r,54
Dl 62.50* 121.00* 166.17* 4 21.917
D2 58.5* 103.66* 3 19.88
D3 45.166* 2 16.55
*Difference is significant at a * 0.05
From the above table it is found that the difference between all possible 
Pairs of means at the 4 levels of D are significant.
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5.2.1.3 Analysis of the Interactions
Analysis of the Interactions was done In order to Investigate the 
interactive effect of the independent variables on the movement time.
The analysis was done for the significant interactions only. Table 5.10 
shows that the interactions between information load and distance (HxD) 
and between clearance and distance (CxD) were the only significant inter­
actions. The means of MT at each level of H for each level of D are 
summarized in Table 5.15, and the means of MT at each level of C for each 
level of D are summarized in table 5.16. Tables 5.15 and 5.16 are also








D4 834.0 836.0 817.3







Table 5.16 Means of MT at the 4 levels of C and the 4 levels of D .































• H2 = 2 bits
O H3 = 3 bits









-Figure (5.5). Effect of Distance on Movement Time
at Different Levels of Information Load.


























Dl D2 D3 D4
Levels of Distance
Figure (5.6). Effect of Distance on Movement Time at
Different Levels of Clearance.



























Levels of Information Load 
Figure (5.7). Effect of Information Load on Movement Time.
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■' Levels of Clearance
Figure (5.8). Effect of Clearance on Movement Time.

































Levels of Distance 
Figure (5*9), E’ffect of Distance on Movement Time.
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The interactions between age and information load (Gxll), between age 
and clearance (GxC), and between age and distance (GxD) were all not
significant (Table 5.10). These also are presented graphically by 
plotting the means of MT at the 3 levels of H for both age groups 
(Figure 5.7), at the 4 levels of C for both groups (Figure 5.8), and at 
the 4 levels of D for both groups (Figure 5.9).
(A) Interaction between information load and distance (HxD):
The analysis of the interaction between H and D was done as follows:
Step 1: test on simple main effect of D at each level of H
Step 2: test on difference between pairs of means of movement time for
the 3 levels of H at each level of D
Step l
MS.D at HkF - k - 2, 3, 4
MSDxS(G)
(a) test on simple main effect of D at H2
SS





03) test on simple main effect of D at H3
SS
D at H3 - 1272162
F - *272162/3 ■ S2.0
8154.68
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(c) test on simple main effect of D at H4:
SS_ . - 885474.3D at H4
F - 885474.3/3 _
8154.68
Summary of the results of step 1
Effect F F0.05,3,54
Main effect of D at H2 
Main effect of D at H3 





*Difference is significant at a ■ 0.05
Step 2
(a) Test on difference between pairs of means at the 3 levels of H at Dl;
(1) h d31 - h d21
vhere H D ^  is the mean of MT at H3 and Dl, and is the mean of MT
H2 and Dl .
™ 3 1 - ™ 2 1
>|2[MSHxS(G) + (m -i )(m s Dx S(g ))]/ijlm
666.8 - 644.1 22.7 1.56
2[9339.6 + 3 x 8154.7]/320 14.53
(ti) hd4 1 - h d 31
t ■ 678.0 ~~ 666.8 m q yg
14.53
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(b) Test on the difference between pairs of means at the 3 levels of H 
at D2:
U >  h d32 - h d22
t - 720-° - 699-8 - 1.39
14.53
(ii) h dA2 - h d32
t -  756.6 ■7.20,0, 2<51
14.53




(i) h d23 - h d33
t „ 783.4 - 775.9 . 0<sl
14.53
(ii) h d A3 - h d33
t .,792.5 - 7,75.9 . ^
14.53
(d) Test on the difference between pairs of means at the 3 levels of H 
at D4:
« >  h d 34 - h d2A
834.0 - 836.0 „ ,,t ■» -------------- ■» 0.14
14.53
W l)  HD34 *  “ >44
t . 836.0 - 817.3 . ± 29
14.53
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t _ ‘h^HxSCGI + tP (M~1 )MSPxS(C)
CtltlCal " «SHxS<G) +
4
where t„ and t_ are the critical values for a test of level of 
K D
significance a ■ 0.05 for the degree of freedom corresponding to 
MSHx S(G) and MSDxS(G) respectively.
*H - 2'03
tD - 2.004
• • t ... , - 2.026 at a ■* 0.05 .critical
Summary of the results of step 2
Difference t tcritical
hd3i - hd2 1 1.56 2.026
3 T* 1  - “ 3 1 0.78
™ 3 2  * “ 2 2 1.39
“ 42 ' “ 32 2.51*
™ 2 3  - ™ 3 3 0.51
“ 43 * “ 33 1.13
“ 34 - “ 24 0.14
“ 44 * “ 34 1.29
*Difference is significant at a - 0.05
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(B) Interaction between clearance and distance (CxD)t
The analysis, of the interaction between C and D was done as
follows:
Step 1: test on simple main effect of D at each level of C
Step 2: test on difference between pairs of means of movement time for the
4 levels of C at each level of D .
Step 1
MS.D at CL „
-------  , L ■ 1, 2, 3, 4
MSDxS(G)
(a) Test on simple main effect of D at Cl;
SSD at Cl " 889988.2
MSDxS(G) - 8154’7
. F -  8899M.2/3,, 36.38 
815A.7
F0.05,3,54 " 2,87
(8) Test on simple main effect of D at C2:
SSD at C2 " 860020.4
p „ 860020.4/3 _ 35 15
8154.7
Test on simple main effect of D at C3;
SSD at C3 - 1077^ * 6 
F - W 7*41.6/3 ^ ^ >o4
8154.7
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(d) Test on simple main effect of D at C4:
SSD at C4 “ 944982
F . 944982/3. 38_62
8154.7
Summary of the results of step 1
Effect F F0.05,3,54
Main effect of D at Cl 
Main effect of D at C2
Main effect of D at C3
/. /






*Effect is significant at a » 0.05
Step 2
(a) Test on difference between pairs of means of the A levels of C at Dl, 
«) CDU  - CD21
vhere C D ^  is the mean of MT at Cl and Dl, and C°21 is the mean 
of MT at C2 and Dl .
CDn  " CD21
^ HSCxS(G) + <H-1>'MSDxS(e)>]/IJKM
_________ 620.1 - 608.9______
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(ii) c d31 - cd21
661.1 608.9 n it ■ ---------------  2.71
19.24
(Hi) c d41 - c d31
, 761.756 - 661.083 _ 5 ^3
19.24
(b) Test on difference between pairs of means at the 4 levels of C at D2:
(i) c d12 - c d22
 ^_ 693.654 - 672.268 _ , t ■ ------------------- 1.11
19.24
(ii) c d32 - cd22
726.758 - 672.268 „t " ------------------ ■ / • o J
19.24
(ill) CD42 - CD32
t „ 809.185 - 726.758 . A 28
19.24
(°) Test on difference between pairs of means at the 4 levels of C at D3:
(1) c d13 - c d23
t - 748.323 - 732.345 „ Q 83
19.24
(ii) cd33 - cd23
t - ?«.813_-_732, 345 . 2 6g
19.24
(iii) cdA 3 - c d 33
871.37 - 783.818 , _t “ ------------------ 4.55
19.24
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(q) Test on difference between pairs of means at the 4 levels of C at DA; 
(1) - CD24
t
t „ 780.8 - 765.81 _ ?8
19.24
(ii) c d34 - cd24
841.7 - 765.8 t «*    3.94
19.24
(ill) cd44 - c d34
t „ 928.2 Ji_.841.7_ m ^
19.24














*Difference is significant at a ■ 0.05
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5.2.2 Second Model
The second model of the movement time (Equation 4.4) is a mixed model 
vith only the subjects as a random factor and all the other factors (age, 
Information load and index of difficulty) fixed. Since the experimental 
factors in this model are the same as in the second model of the decision 
time (Section 5.1.2), there was no need to calculate the E(MS) values 
again and table 5.8 was used as an indicator of the appropriate F-ratios.
The analysis of variance was done and the results of the analysis 
are summarized in Table 5.17.
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Table 5.17 ANOVA for Movement Time (Second model)
Source d.f. MS F Fcritical
Between Subjects
G 1 5192493.9 12.74* 4.41
S(G) 18 407639.5
Within Subjects
H 2 34717.5 3.72* 3.27
GxH 2 22912.0 2.45 3.27
HxS(G) 36 9339.6
ID 15 462545.7 68.61* 1.8
GxID 15 5467.3 0.81 1.8
IDxS(G) 270 6741.6
HxID 30 6974.9 2.22* 1.46
GxHxID 30 3092.6 0.99 1.46
HxIDxS(G) 540 3138.1
*Signifleant at a ** 0.05
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Analysis of the main effect of Index of difficulty (ID)
The analysisof the main effect of ID was done by testing the 
differencesbetween all possible pairs of means of MT at the 16 levels 
of ID. Table (5.18) summarizes the means of MT at the different levels of 
ID.
The standard error of the mean for all observations at a given level 
of ID is:
The results of the test are summarized in table 5.19. From table 5.19 
(see also Figure 5.10) it was found that there are inconsistences between 
the ascending order of the ID (see Table 4.1) and the means of the MT 
at the 16 levels of ID [e.g. the mean of MT at the 4th level of ID —  
(ID « 5.415) was significantly greater than the mean of MT at the 5th 
level of ID (ID - 5.807)]. This inconsistency was greater between the 
first 8 levels of ID, but diminished at the higher levels (no significant 
difference between 8th and 9th levels nor between 12th and 13th levels). 
These are discussed further in the next chapter.
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Table 5.18 Means of Movement Time at the Different Levels of ID
Levels of 
ID
ID Mean of MT 
(Younger group)
Mean of MT 
(Older group)
Mean of MT 
(All subjects)
1 4.222 543.6 696.6 620.1
2 4.737 606.8 780.5 693.7
3 5.115 664.7 832.0 748.3
4 5.415 702.0 859.6 780.8
5 5.807 540.3 677.5 608.9
6 6.322 598.2 749.3 672.3
7 6.700 652.8 811.9 732.3
8 7.000 690.6 841.0 765.8
9 7.796 599.8 722.4 661.1
10 8.310 666.7 ^~786.8’T ^ 1 ___ 726.8
11 8.689 730.9 836.7 783.8
12 8.989 778.3 905.1 841.7
13 10.773 683.6 839.9 761.8
14 11.288 729.1 889.3 809.2
15 11.666 790.6 952.2 871.4
16 11.966 851.3 1005.1 928.2
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Regression Models
Two regression models were developed for both groups (younger group 
and older group) using Fitts* model (Equation 2.1):
MT - a + b ID
where MT ■ movement time in milliseconds 
ID *» Index of difficulty in bits.
considering the inconsistency mentioned before, only the last 12 levels of 




For the younger group the model is,
MT - 399.2 + 33.44 ID
vith correlation coefficient r “ 0.82.
Older group
For the older group the model Is,
MT - 516.5 + 36.4 ID
with correlation coefficient r “ 0.83.
The computer program and the results of the regression analysis are 
listed in Appendix D. Figure 5.11 presents the regression lines for both 
groups.































Levels of Index of Difficulty 










































8.4 9.0 9.6 10.2 10.8 11.4 12.0
Index of Difficulty in Bits
6.6 7.25.4 7.8




The performance time I.e. sum of the decision and movement times was 
recorded. The means of 40 observations per cell were recorded and subjected 
to an analysis of variance using a similar mathematical model as for the 
first model for decision and movement times. Since the use of ID as an
f
independent variable did not add to the findings of the study, only one 
model was used for the analysis of variance of performance time. The 
results are summarized in Table 5.19a.
An examination of Table 5.19a reveals the significance of age, clearance, 
information load and distance of move on performance time (p _< 0.05). A 
comparison of Table 5.19a with Tables 5.2 and 5.10 for decision time and 
movement time analysis reveals that the significance of age, information 
load and distance on performance time is also applicable to the decision 
find movement times. However, the significance of clearance on. performance 
time is principally due to its significance on the movement time component 
rather than the decision time. This is primarily because the amount of 
clearance directly affected the extent of positioning of the pin involved 
before it could be dropped into the hole. There is evidence to suggest 
that positioning tasks involve a high degree of learning (Tsui, 1977).
However, since all subjects had had a sufficient amount of practice on 
the task, it can be inferred that some slowing of the sensorimotor function 
with age is suggested.
The significance of age (G) x information load (H) interaction in its 
effects on performance time (Table 5.19a) is primarily due to its effects 
on decision time rather than movement time. It can be concluded that, for 
older people, the effects of an increase in task complexity as measured by 
fin increase in information, are to lengthen the decision-making time.
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* Effect is significant at a - 0.05
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5.3 Performance Errors
The percentage of performance errors in each experimental run was
computed as follows (see Appendix C):
v number of errorsA of performance errors *» --------------------------x 100 .
number of cycles per run
In order to apply the analysis of variance the following 
transformation was used on the % of errors data
c|>(X) ■* sin
where X is the % of performance errors.
The transformed data were then subjected to an analysis of variance using 
the performance errors model (Equation A.5) discussed before. The E(MS) 
values were calculated (Table 5.20) as an indicator of the appropriate 
F-ratios.
The analysis of variance was done using the SAS package (ANOVA 
PROCEDURE). The results of the analysis of variance are summarized in 
Table 5.21.
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G 0 10 3 4 1 cr* + 12Qg + 120<7q
S(G) 1 1 3 4 1
2 2 4 + 124
Within Subjects
H 2 10 0 4 1 4 + 44s + 804
GxH 0 10 0 4 1 4 + 44s + 404h
HxS(G) 1 1 0 4 1 4 + 44s
C 2 10 3 0 1 4 + 34 s  + 6o4
GxC 0 10 3 0 1 4 + 34 s  + 304 c
CxS(G) 1 1 3 0 1 4+ 34s
HxC 2 10 0 0 1 °R + °HCS + 20OHC
GxHxC 0 10 0 0 1 °R + °HCS + 10OGHC
HxCxS(G) 1 1 0 0 1
2 2 
°R + aHCS
R 1 1 1 1 1 4
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G 1 11.6 0.71 4.41
S(G) 18 16.5
Within Subjects
H 2 414.0 25.7* 3.27
GxH 2 4.5 0.24 3.27
HxS(G) 36 18.0
!
C 3 11.7 1.1 2.78
GxC 3 11.2 1.06 2.78
_^_____ •— ' - --
CxS(G) 54 11.0 ------ - - ------ ■
HxC 6 6.3 0.39 2.18
GxHxC 6 5.9 0.36 2.18
HxCxS(G) 108 16.2
*Effect is significant at a “ 0.05
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5.3.1 Test on Homogeneity of Interactions with Subjects
Test on homogeneity of interactions with subjects was done using 
Bartlett*s test. Results are presented in Appendix E. Since the observed 
Chi square (1.8) is less than the critical value (3.22) for a test with 
ct » 0.20, the test indicates that the interactions could be pooled. 
Equivalently, the test indicates that interactions with subjects could be 
dropped from the model. Therefore the new model for the percentage of 
errors will be:
the residuals containing the interactions with subjects pooled together.
Xijkl " V + ai + Bj(i) + Yk +
./
+ ayik + a«±1 + YSkl
+ aY6ikl + E (ijkl) (5J)
vhere y , a , $ , y , 6 and X are as defined before and e (ijkl) is—
The analysis of variance was done again using Model 5.1. The results 
of the analysis are summarized in Table 5.22.
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Table 5.22 ANOVA for Percentage of Errors Model with Pooled 
Interactions with Subjects




G 1 11.6 0.71 3.89
S(G) 18 16.5
Within Subjects
H 2 474.0 31.6* 3.04
GxH 2 4.5 0.3 3.04
C 3 11.7 0.78 2.65
GxC 3 11.2 0.75 2.65
HxC 6 6.3 0.42- 2.14
GxHxC 6 5.9 0.39 2.14
Error 198 15.0
*Effect is significant at a - 0.05
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5.3.2 Analysis of the Main Effects
From the ANOVA Table 5.22, It is found that the main effect of the 
information load was the only significant effect. All the other main 
effects and interactions were not significant. The mean percentage of 
the performance errors at each level of H are presented in Table 5.23. 
Figure 5.12 shows the effect of information load on percentage of errors 
for both groups.
Table 5.23 levels of H Mean percentage of errors
Mean percentage of performance H2 0.0135
errors at the 3 levels of H .. H3 0.021
H4 0.059
The analysis of the main effect of H was done, using Newman-Kuel* s 
method as follows:
The standard error of the mean for all observations at a given level 
of factor • H is;
/m sw-ir
1 - 2  J - 10 L - 4
. * i Stt » 1 .0,0°-1-5—  - - 0.0043 
H V 80
H2 H3 H4 r ^  x q.95,r,198
H2 0.0075 0.045* 3 0.014
H3 0.038* 2 0.0117
*Difference is significant at a - 0.05
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From the above table it Is found that the difference between means at 
112 and H4 and between H3 and H4 were significant, but between H2 and H3
4
was not significant.



















Levels of Information Load
Figure (5.12). Effect of Information Load
on Performance Errors.
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5.A Heart Rate
Subjects heart rate was recorded, using Grass Recording System, for 
the six experimental runs assigned before (1, 2, 3, 10, 11, and 12). The 
number of heart beats/minute was recorded for a 10 minute interval for 
each run that lasted about 13 minutes. The average of the heart rate 
was calculated for each run over the 10 minutes. The percentage increase 
in heart rate was calculated as follows:
HR, .. - HR. .
r , .v„ - - ^ * 3 ----- ^  3t rest x 1001Jkq .ij at rest
where
HR^kq “ average heart rate for the qth level of clearance, 
kth level of information load, jth subject and ith 
age group.
HR.. . . ■ average heart rate, at rest, for the jth subjectxj at rest
in the ith group, 
i - 1, 2 j - 1, ..., 10 k - 1, 2, 3 q - 1, A
and
Rijkq “ % heart rate increase at the qth level of clearance, 
kth level of information load, jth subject and ith 
age group.
In order to apply the analysis of variance the following transformation 
was' used on the % increase in heart rate
$(R) ■ sin (^v^ R) 
where R is the % increase in heart rate.
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The transformed data were subjected to analysis of variance using 
the heart rate model (Equation A.6) discussed before. The E(MS) values 
Were calculated (Table 5.24) as an indicator of the appropriate F-ratios. 
The test on the main effect of the experimental factors (G, C and H) and 
the. interactions between them (GxC, GxH, CxH and GxCxH) was done using 
the interaction with the subjects within the groups as an error terms.
The analysis of variance was done using the SAS package (ANOVA 
PROCEDURE). The results of the analysis of variance are summarized in 
Table 5.25.
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G 0 10 3 2 1
2 2 2 + 6ag + 60
S(G) 1 1 3 2 1
2 2 
4 -  64
Within Subjects
H 2 10 0 2 1 4 + 24 s + * ° 4
GxH 0 10 0 2 1 4 + 24 s + 204 h
HxS(G) 1 1 0 2 1 2 2 °R + 24 s
C 2 10 3 0 1 4 + 34 s + 6o4
GxC 0 10 3 0 1 4 + 34 s + 304 c
CxS(G) 1 1 - 3 0 1 4 + 34 s
HxC 2 10 0 0 1 °R + °HCS + 20aHC
GxHxC 0 10 0 0 1 °R + aHCS + 10aGHC
HxCxS(G) 1 1 0 0 1 4 + 4 c s
R 1 1 1 1 1 4
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G 1 31.2 1.26 3.89
S(G) 18 2A.8
Within Subjects
H 2 12.7 2.22 3.27
GxH 2 2.3 0.41 3.27
HxS(G) 36 5.7
C 1 52.8 8.02* 3.89
GxC 1 0.23 0.04 3.89
CxS(G) 18 6.6
HxC 6 0.4 0.13 2.38
GxHxC 6 1.3 0.38 2.38
HxCxS(G) 36 3.3
*Significant at a ■* 0.05
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5.4.1 Test on Homogeneity of Interactions with Subjects using Bartlett’s 
Test
Test on the homogeneity of interactions with subjects was done using 
Bartlett's test. Results are presented in Appendix E. Since the observed 
Chi square exceeds the critical value for a test with a ■ .20, the test 
indicates that the interactions should not be pooled.
Table 5.22 shows that the only significant effect was the main effect 
°f the clearance. All the other main effects and the interactions were 
n°t significant. The means of the percentage increase in heart rate for 
Both groups under each level of H , also under each level of C are 
summarized in Table 5.26 and 5.27 and illustrated graphically in Figures 
5*13 and 5.14.
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Table 5.26 Means of % Increase in heart rate for both groups at the 







H2“2 bits 2.43 3.38
H3=3 bits 3.20 4.06
H4“4 bits 2.76 4.58
Means of % increase in heart rate for both
2 levels of C
Levels of Younger group Older group
C G1 G2
Cl » 0.75" 2.22 3.26
C4 - 0.008" 3.38 4.75


















Levels of Information Load 
Figure (5.13). Effect of Information Load on Heart Rate.
























Levels of Clearance 
Figure (5.14). Effect of Clearance on Heart Rate.




This chapter summarizes the results of the findings of the present 
study and examines their implications. Data analysis for decision time, 
movement time, performance errors and heart rate are summarized in the 
following sections:
6.1 Decision Time
The results of the analysis of the decision time data could be 
summarized as follows for the two models.
6.1.1 First Model
a) Decision time was significantly longer for the older group than 
the younger group (p < 0.05). Older subjects took 63% longer in making
decisions than did the younger subjects on the average. Those results 
support the general finding that older people take more time in the process 
°f extracting information from signals, due to a gradual impairment of 
Perceptual processes. This finding is well documented in the literature 
(e«g. Spirduso, 1975; Tolin and Simon, 1968).
b) Information load (H) had a significant effect on decision time.
The interaction between age and information load (GxH) was also found to 
be significant. Analysis of the main effect of information load and the 
foteraction between age and information load has shown that, for both 
Stoups, decision time increased significantly when the information load 
Was increased from 2 bits to 3 bits and from 3 bits to 4 bits. Older 
subjects were also significantly slower in making the decisions, at each
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level of Information load, than were the younger subjects. While both 
younger and older subjects took significantly longer time to make 
difficult choices (at higher levels of information load) than they took 
to make simpler ones, the increased time needed to make difficult 
choices was proportionally greater in the case of older subjects. Since 
the decision time is regarded as an indicator of the time taken by central 
processes and it mainly consists of the time taken from perception to action 
and the shaping and initiation of the responding movement (Welford, 1959), 
the proportionally greater time needed by the older subjects at the higher 
levels of information load was not only due to the deterioration of the 
perceptual processes but also due to a marked reduction in information 
processing abilities as a function of the ageing process.
c) Clearance between the pin and the hole did not affect the decision 
time significantly. The interaction between age and clearance was also not 
significant. Figure 5.2 shows that the older subjects were slower than 
the younger subjects in making decisions at the 4 levels of clearance by
a constant amount (about 270 milliseconds on average). Also, no significant 
interaction was found between clearance and information load or between 
clearance and distance. From this finding, it appears that clearance is 
not one of the significant determinants of decision time.
d) The distance of movement significantly affected the decision time 
(p < 0.05). However, the interaction between age and distance was not 
significant. For both groups, decision time was significantly lower for 
the smallest distance (Dl ■ 7") than for the other 3 distances (D2 ■ 10” ,
03 « 13" and D4 ■» 16"). Decision time was also lower for the largest 
distance (D4 » 16") than for the 10" and 13" distances, but not 
significantly. Analysis of the significant interaction between distance
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and information load (DxH; p < 0.05) has shown that this significant 
effect of the distance on decision time was only at the higher level of 
information load (H » 4 bits). In other words, when the information load 
Increases so that the subject has to decide between many alternatives 
(16 alternatives when H ** 4 bits) , the extreme positional locations of 
some of these alternatives in the task layout results in a lower decision 
time than the positions of the other alternatives. In this experiment 
the extreme positions were for holes numbered 1, 2, 3 and 4 (top row) 
and holes numbered 13, 14, 15 and 0 (bottom row) (see Figure 3.2). In 
light of this observation it could be said that decision time could be 
affected not only by the number of alternatives, but also by their 
arrangement.
6.1.2 Second Model
The results of the analysis of the second decision time model (by 
combining the clearance and the distance in an index of difficulty using 
Fitts' formula, Equation 2.1) were consistent with the results of the first 
model, and therefore did not add any new findings. The main effect of index 
of difficulty was not significant, nor was the interaction between age and 
index of difficulty.
In light of the previous findings the following could be stated:
a) By increasing the information load in a task, the increase in 
time needed for making decisions is proportionally greater for older 
workers than for younger ones. In general, however, decision time could 
be affected by the arrangement of the task itself.
? b) Increasing the task difficulty has no effect on the difference 
in decision time between the older and the younger (see Figures 5.2 and 5.3).
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6.2 Movement time
The results of the analysis of the movement time data could be 
summarized for the two models as follows:
6.2.1 First Model
a) Older subjects took significantly longer movement times than 
younger subjects (p < 0.05). Movement time was 22% longer for the older 
group than for the younger group on the average. Since the movement 
Involved guiding the hand and positioning the pin on a small target (hole), 
it could be Inferred that both the guiding and positioning processes that 
require control mediation are adversely affected by age. This finding is 
also supported by Spirduso, 1975; Singleton, 1954; and Szafran, 1951.
b) Clearance between the pin and the hole had a significant effect 
on movement time (p < 0.05), the movement time was found to be higher for 
the smaller clearance. Analysis of the main effect of the clearance showed 
no significant difference in movement time at the higher levels of clearance 
(Cl ** 0.75" and C2 ■ 0.25"), but the movement time increased sharply and 
significantly for both groups for the smaller clearances (C3 ■ 0.063" and
C4 ■* 0.008"). Moving the hand toward a target involves a number of 
corrections to the direction of the movement by the central process 
guiding the hand (Fitts, 1954). It appears that the smaller the hole size, 
the more corrections are needed to direct the movement in order to 
Position the pin into the hole thereby increasing the movement time. The 
analysis of variance also showed no significant interaction between age 
and clearance. This is supported by Welford (1959), who concluded that 
slowing among older people cannot be conceived as being a lowering of
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the rate of information transfer and is not proportional over various 
amplitudes and target sizes.
c) Distance moved significantly affected the movement time (p < 0.05). 
However, the interaction between age and distance was not significant.
These findings also support the findings of Welford (1959). Analysis of 
the main effect of distance on movement time has shown that movement times
are significantly different at each level of distance (D1 ■ 7", D2 ** 10",
D3 “ 13" and DA “ 16"). Analysis of the significant interactions between 
distance and clearance and between distance and information load has shown 
that the simple main effect of distance was significant at each level of 
clearance and at each level of information load. The interaction between
the distance and the clearance was expected, since both are the factors
affecting task difficulty.
d) Information load had a significant effect on movement time (p < 0.05), 
but no interaction was found between age and information load. Analysis
°f the main effect of information load showed that movement time is 
significantly affected only when the information load increased to A bits 
(16 alternatives). No significant difference was found between means of 
movement times at the lower level of information load (H2 ■ 2 bits and 
H3 ** 3 bits). It seems, therefore, that increasing the number of the task 
alternatives has an effect on the central processes and causes a slowing 
°f the control of movement.
6.2.2 Second Model
Analysis of variance for the second movement time model (by combining 
the clearance and the distance in an index of difficulty) has shown a 
significant effect of index of difficulty (ID) on the movement time (p < 0.05).
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No significant interaction between age and index of difficulty was found. 
The results of the analysis of the second model were consistent with the 
results of the first model.
The analysis of the main effect of the index of difficulty was done by 
a test on difference between all possible means of movement time at each 
level of index of difficulty (16 levels). The result of this test showed 
an inconsistency between the means of movement times for the 16 levels of 
Index of difficulty (see Tables 5.18 and 5.19). The mean of movement time 
(780 milliseconds) at the 4th level of ID (ID ■ 5.415 bits by combining 
Cl ■ 0.75" and D4 ** 16") was significantly greater than the mean of 
movement time (608 milliseconds) at the 5th level of ID (ID ■ 5.807 bits 
by combining C2 ■ 0.25" and D1 ■ 7"). Since the analysis of the main 
effect of the clearance showed no significant difference between mean of 
movement time at Cl and C2; it could be said that the inconsistency 
mentioned before was due to the effect of the distance (distance was 16" 
for the 4th level of ID and 7" for the 5th level). This inconsistency
In the results is diminished at the higher levels of ID. This is an
2 Aindicator that the use of Fitts' formula (ID ■ log, — ) to represent
W
2Atask difficulty is not an accurate indicator when the ratio —  decreases
W
beyond certain limits (about 50).
The results of the regression models using Fitts' model (Equation 2.2) 
for both groups, have shown that movement time could be predicted for 
each group as follows:
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For younger group
MT - 399.2 + 33.44 ID
For older group
MT » 516.5 + 36.24 ID
where MT is movement time in milliseconds and ID is the index of 
difficulty in bits.
From the above models it could be noticed that the difference between 
the two models is mainly in the intercept part. The slope of the two 
lines is not significantly different (see Figure 5.11). This finding 
indicates that the slowing among older people is not proportional over 
various degrees of task difficulty. This is consistent with the results 
°f the first model and with the findings of Welford (1959) mentioned 
before.
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6.3 Performance Errors
The results of the analysis of the performance errors could be 
summarized as follows:
a) No significant difference was found between older subjects and 
younger subjects In the percentage of performance errors. Neither the main 
effect of age nor the interaction between age and clearance and between 
age and information load had a significant effect on the percentage of 
errors. Since the percentage of the performance errors in this task was 
very small (about 0.3% on the average), the previous results of the 
analysis could not be taken as sufficient evidence that the accuracy of 
Performance for the older and the younger worker is the same in general.
On the other hand, this could be taken as evidence that the slowness of 
the older subjects in such task was not because they restored accuracy 
at the expense of speed.
b) Information load had a significant effect on the increase of the 
Performance errors (p < 0.05). Analysis of the main effect of the 
information load on the percentage of errors has shown that for both 
groups the percentage of errors increased significantly when the information 
load increased from 3 bits to 4 bits. No significant difference was found 
between the percentage of errors for the 2 bits and 3 bits of information 
load. These findings indicate that by increasing information load one
can increase speed only at the expense of accuracy. These are due to the 
limitation of the central processor and the person's sensors or effectors. 
(Shannon and Weaver, 19A9).
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c) No significant effect was found for the clearance between the pin 
and the hole on the percentage of performance errors. This finding was 
expected since the only type of errors in this task (positioning the pin 
in the wrong hole) seems independent on the clearance between the pin 
and the hole.
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6.A Heart Rate
The results of the analysis of the heart rate data could be 
summarized as follows:
a) No significant difference was found in the heart rate variability 
between the older subjects and the younger subjects. This supports the 
finding of Snook (1965) who reports no increase in heart rate with 
increasing age while performing work at a fixed level. Brouha (1962) 
also concluded that the heart rate of the workers increases under 
stressful conditions imposed as for example by hot and humid environments.
In light of the previous findings it could be said that under normal 
working conditions, i.e. in the absence of hot, humid or other extenuating 
environments, there is no significant difference in heart rate variability 
between older and younger workers while performing work at different levels 
of information load and task difficulty.
b) No significant effect was found for the information load on 
beart rate (p < 0.05). Figure 5.14 shows that older subjects, but not 
younger ones, experienced higher increase in heart rate with the increase
°f information load but the Increase was not significant. The non significant 
effect that was found for the information load on heart rate could be 
because of the task being self paced. Thus, an increase in the information 
load did not increase the stress on the subject but only affected his 
Performance time.
c) Clearance between the pin and the hole had a significant effect on 
beart rate-for both older and younger subjects (p < 0.05). Figure 5.13 
shows that when the clearance decreased from Cl ■ 0.75" to C4 ■ 0.008" the 
beart rate increased for both groups. Heart rate increase was higher for
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the older group than for the younger group at each level of clearance, 
but the difference was not significant. These findings Indicate that 
Increasing the task difficulty has a direct effect on the heart rate increase. 
Since the task used in this study was not physically demanding, it seems 
that the effect of task difficulty was on the mental load, which has a direct 
effect on heart rate variability (Young, 1956; Kalsbeek, 1971).




On the basis of the analysis of data it has been observed that for 
tasks requiring both decision making and the movement functions, older 
workers are significantly slower in their responses than the younger 
workers. However,the relative effects of age on the decision and movement 
times are different. Decision time for the older group is, on the average, 
63% longer than that for the younger group, while average movement time 
for the older group is 22% longer than that for the younger group. The 
findings of Szafran (1951) and Singleton (1954) further substantiate 
the above results. Using reaction time as an indicator of decision time, 
they found that age had a proportionately greater effect on reaction time 
rather than movement time. However, Pierson and Monotoye (1958) and 
Tolin and Simon (1968) report that movement rather than reaction time is 
more affected by age. In the experiments of Pierson and of Tolin the 
subjects could anticipate the location of the stimulus thus preparing the 
subject for movement in a particular direction. It could thus be inferred 
that, in the absense of anticipation and foreknowledge of the location Of 
a stimulus, the decision making activity takes longer and is thus more 
affected by age than is movement time. Welford (1962) also points out 
that older subjects perform relatively well when the actual signal can 
be anticipated.
The difference in decision time between the older and the younger 
subjects could be attributed mostly to a slowing of the perceptual 
cerebral, and motor functions. The present study also shows that, with 
an increase in the information load, decision time increased by a greater 
amount for the older group than for the younger group.
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The most important suggestion arising from the decision time models 
is that decision time could be affected by the arrangement of the task 
alternatives. This finding could be a useful tool in the hand of the 
industrial engineer who is dealing with job redesign. However, more 
studies are needed to investigate this suggestion in order to find how 
the layout of the items of the task could affect the decision process.
The non significant interactions between age and information content 
in the movement time models indicated that increasing the information 
content of the task had no effect on the difference between the older and 
the younger subjects in movement time. The significant effect of the 
clearance on movement time and the non-significant interaction between 
sge and clearance suggest that both older and younger subjects encountered 
the same difficulty in positioning the pin into the hole when the clearance 
was decreased. In light of these findings it is being suggested that 
until the fifties and the early sixties, the ageing process does not have 
a significant effect on the cortical function exercising control over the 
motor functions.
Analysis of the performance errors Indicates that the slowing among 
the older subjects was not observed at the expense of accuracy. More
investigations are needed in this area to study the effect of age on the
accuracy of performance in dealing with modem systems under paced and 
unpaced conditions and under time stress. This could be done either
through simulation or actual on-site tasks.
The study provided no evidence that age has an effect on heart rate 
variability of the worker under different levels of task difficulty and 
Information load. In light of this finding it is being suggested that 
no additional stresses could possibly be imposed upon the older worker
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should the complexity of the task be Increased. However, It should be noted 
that such factors as temperature, humidity, Impervious clothing, motivation, 
emotional state, fatigue, and training have all been found to affect the 
heart rate (Kalsbeek, 1971; Brouha, 1962).
In view of the results of the present study, it is being suggested 
that other aspects regarding the performance of the older workers also be 
investigated.
The following are suggested:
1. Field studies for the effect of ageing on the accuracy of 
Performance in dealing with modern systems, under paced and unpaced 
conditions and under time stress.
2. Study of the effect of the task layout on the decision time and 
how it could affect the slowing among the older workers.
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A. 1 Instructions to the Subjects
The subject was seated In front of the signal response unit with the 
center line of the unit aligned to the center line of his body, at a height 
such that his lower right ana was In a horizontal position while touching 
the pin in the pin-pocket. The distance from the equipment was such as to 
enable him to reach hole number one at the far left corner without moving
^is shoulder. The three electrodes of the heart rate recording unit were
connected to the subject’s chest in a way such that they did not interfere 
with his performance of the task.
After recording the heart beats of the subject at rest, instructions 
were given to him to perform the task according to the following steps:
1. Remove the pin from the pin-pocket with the right hand 
thumb and index finger.
2. Detect the number shown on the screen and select the 
corresponding hole.
3. Move pin to the hole in a smooth straight line motion.
4. Insert pin into hole.
5. Release pin.
6. Assume starting position again.
A.2 Duration of the Experimental Conditions and the Rest Periods
The time limits for each run of the experiment were assigned such 
that it was sufficient to collect about 55 performance times for each 
condition, that is 220 cycles per experimental run. It was found that 
13 minutes duration for each run was enough to collect this amount of 
data. The heart rate was recorded for 10 minutes during the performance 
of the assigned six runs.
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After each condition a rest period of 5 minutes was given to the 
subject and two rest periods of 15 minutes each were given after the 
performance of A and 8 conditions. The total time of the experiment was 
5 hours including the learning session.
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- Sample of Part of the Results of the Test for Normality.
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- Symbols used In the computer programme
PERT = Performance Time (PT)
DECT = Decision Time (DT)
MOVT = Movement Time (MT)
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C.2 Means of the % of heart rate increase
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C.3 % of Performance Errors
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- Computer programmes and results
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| S T A T I S T I C A L  A N A L Y S I S  S Y S T E M
note: TF€ JPU PATE HAS OECN PON UNOEH RELEASE 76.5 I IF JAS AT THI. UNIVERSITY OF HlNOSOH.




INPUT G S C H R S 
KtEP G S C H R I 
CAPOS I
note: DATA SET WORK.HRATE HAS 120 observations and s variables. 
NOTE! The OATA ST ATCHENT USEO 0.63 SFCONOS ANO 9UK.
125
126 127
PHOC SORT 0ATA*l«ATE I 
OT C S C H I
note: data set work.iwate HAS 120 OBSERVATIONS ANO s variables, 















PHOC ANUVA OATA=HRATE I
MOOEL R« G SIGl'c M C*H G*C G*M S*CI G) S*I«|G) G*C*H S*C4M|GI I 
TEST HzG E=S|G» S 
TEST ItsII G»H E*S*Hlttl I 
TEST H*C G*C E*S«CIG> I 
TEST M*C#H G4C4M E*S*C*HIGI 1
TITLE1 ANALYSIS OF VARIANCE FOR THE INCREASE IN HFART HATE 
TITLE2 •44*44*4444*44**4********44444*44*4*44*4*44************
titlej • oepenoent van.: r :* increase in heart rate ♦
TITLE# • INDCPEN. VAR. J S ! SUUJCCTS ♦
TITLES * 6 • AGE *
T11176 4 C I CLEARANCE *
TITLE7 4 H 1 INFORMATION LOAD *
TITLE 0 ••444444444*444444444*4*44444444444444444*44444 {
NOTE: TIC PROCEDURE ANUVA USEO 2.04 SECONDS AND I 44K AND PRINTEO FAGFS I TO 2.
PROC SORT OATA-HRATEt 




NOTE! OATA STT YORK .IffATE HAS 120 OBSERVATIONS ANO S VARIABLES. 
NOTE: THE PROCEDURE SORT USEO 1.13 SECONDS AND I02K.
PROC MEANS DATA*HRAT£ t 
BY G S I 
VAR fl |
OUTPUT OUT*SUBJ MEAN*RATES I






•IOTE: OATA SET M3RK .SUUJ HAS 20 OBSERVATIONS AND 3 VARIABLES.
NOTCI THE PROCEDURE MEANS USED 0.91 SECONDS ANO I I0K AND PRINTED FAtt S 3 TO 4.
149150 PROC SORT DATA*HRATE I HV G II I
note: data SET VOOC.HHATE HAS |20 OBSERVATIONS AND s VARIABLES. 







PPOC MEANS CATA*IIRA T£ I
VAR R 2 OV G H 2
OUTPUT OUT * FIGR MEAN»H_MATE 2
TITLE ••*4 4**#*4#44#4**44**4#444*4#4********44 4*4*#*4 4**4***4*4*****!
TITLE2 4*4 EFFECT OF INFORMATION LOAD ON X INCREASE IN HFART HATE **4| 
T|1Lr3 444 4444444*444444*4444*444*44*49*44**4444444444*4444*4444*44442
NOTE: OATA SET VURK.FIGR HAS 6 OBSERVATIONS ANO 3 VARIABLES.
NOTE: Tl* PROCEDURE MEANS USED 0.6« SECONDS ANO I14K AND PRINTF.O FACE 5.
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APPENDIX E
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- Tests on Homogeneity of Interactions with
Subjects Using Bartlett’s Test
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
E-2
E.l Decision Time Model
Interaction SS MS df log MS 1/df
HxS(G) 1321610.8 36711 36 4.565 .0278
CxS(G) 1582234.0 29300 54 4.467 .0185
DxS(G) 100828 1867 54 3.271 .0185
HxCxS(G) 1726261 15984 108 4.203 .0093
HxDxS(G) 165200 1529 108 3.184 .0093
CxDxS(G) 175938 1086 162 3.036 .0062
HxCxDxS(G) 277034 855 324 2.932 .0031
lSS - 5349105 £df - 846 Xl/df - .0926
Spooled “ <ISS>/Idf - 6322.8 
A - I[(df)± log MS±] - 2821.8
B - (£df) log MSpooled - 846 x 3.8 - 3215.6
c „ 1 +  L —  [£(i/df) - (1/Jdf)]
3(K-1)
- l ' + —  [.0926 - .00118] - 1.005 
18
X2 - -2' 3-°?<B~A >- - 902.4 
C
2
K ■ number of MS^ * 7  ^ 9 5  (K-l) " 1^.1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
E-3
E.2 Movement Time Model
Interaction SS MS d.f log MS 1/df
HxS(G) 336227.5 9339.6 36 3.970 .0278
CxS(G) 1078940.6 19980.3 54 4.300 .0185
DxS(G) 440352.5. 8154.7 54 3.911 .0185
HxCxS(G) 994790.0 9211 108 3.964 .0093
HxDxS(G) 254146.8 2353.2 108 3.372 .0093
CxDxS(G) 300948.0 1857.7 162 3.269 .0062
HxCxDxS(G) 445647.2 1537.6 324 3.187 .0031
IsS - 3851051 Jdf - 846 Jl/df - .0926
“ pooled ' - 4552
A - ZC(df)± log MS±3 - 2940.8
B - (Idf)log MSpooled - 3094.8
C - 1 + —  --  CI(l/df) - (l/Jdf)]
3 (K-l)
- 1 +  —  C.0914] - 1.005 
18
x2 » 2.303(B-A) „ 352 
C
K " 7 X .95,7 “ 14,1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
E.3 Performance Errors Model
Interaction SS MS d.f log MS 1/df
HxS(G) 0.0664 0.00180 36 -2.745 0.0278
CxS(G) 0.0573 0.00110 54 -2.959 0.0185
HxCxS(G) 0.1749 0.00162 108 -2.79 .00926
£ss - 0.2986 Jdf - 198 Jl/df - .0556
Spooled _ * °-0015
A - ZC(df)± log MSI] - -559.9
B - Idt log HSpooled - -559.1
C - 1 +  —  [£(l/df) - 1/Jdf]
3(K-1)
- 1 + -  [0.0556 - 0.00505]
6
- 1.008
x2 _ 2.303(B-A) „ 1>8 
C
2
K - number of MS^ - 3 X go(K-l) * ^«22'
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
E.A Heart Rate Model



















I 0.441 90 0.111
Spooled ’ °-0049
A - I C(df)i log MS±] - -209.3
B - I <df) log MSpo o U d  - -207.8
C - 1 +  -—  ClU/df) - (l/£df)]
3 (K-l)
- 1.017
x2 - 2.303(B-A) _ 3<39 
C
K  " 3 X .80(K— 1) “ 3,22
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